Introduction
Limb-girdle muscular dystrophy (LGMD) is a common term for several genetically different muscular dystrophies, which present often in adolescence or early adulthood with predominant weakness in girdle and proximal limb muscles. [1] Clinical distinction is not possible due to lack of differentiating features and precise diagnosis depends upon the immunohistochemical study of known membrane proteins or the genetic testing. [1] [2] [3] One of the sarcolemma-bound protein 'dysferlin', which is involved in membrane repair, [4] is encoded by DYSF gene located at chromosome 2p13. [5] Two clinically distinct allelic forms are linked to DYSF gene -Miyoshi myopathy (MM) with wasting of distal limbs particularly leg muscles [6] and
Abstract
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Original Article
LGMD-2B with limb-girdle type of presentation in which the leg and other distal limb muscles remain preserved. [7] However, in view of common genetic defect [8] and deÞ ciency of gene product dysferlin, [4, 9, 10] some common clinical features are expected to be present in these two disorders.
In the context of muscular dystrophy, it has been shown that certain muscles may exhibit enlargement of one part and wasting of another part. [11] It has also been observed that subtle enlargement and wasting are better appreciated when the muscle is under mild contraction as happens when a particular posture is adopted. [11] Based on these characteristics of muscular dystrophy, a new clinical sign is described in dysferlinopathy.
Materials and Methods
We studied 31 patients of dysferlinopathy out of whom 13 patients (from 11 families; 12 males and one female; aged 17-32 years with onset of illness between 15 and 28 years) suffered from LGMD-2B and 18 patients (from 12 families; 13 males and Þ ve females; aged 16-42 years with onset of illness between 9 and 28 years) suffered from MM. The patients with LGMD-2B had primarily proximal muscle weakness that was more in the lower limbs than the upper. Those having MM type presentation had maximum weakness in the plantar-flexors and dorsi-ß exors of the feet with varying degree of weakness in proximal lower limb muscles, knee ß exors being slightly more wasted than the knee extensors. In the upper limbs, MM patients showed mild wasting of biceps, triceps, and forearm muscles. Rest of the muscles at shoulders and upper back showed the same pattern of wasting, enlargement, and contractures as described earlier in 'calf-head sign', [12] the latter being also convincingly observable in 10 patients with MM.
The diagnosis of dysferlinopathy was based on: (1) typical pattern of gradually progressive wasting and weakness of muscles that conformed to either LGMD-2B or MM, (2) moderately raised creatine kinase levels, (3) myopathic pattern on electromyography, and (4) the absence of dysferlin on immunostaining of muscle biopsy specimens.
Elicitation of the sign
All patients with dysferlinopathy were asked to stand with knees slightly ß exed so that the quadriceps femoris muscles were in action. Those who could not sustain this posture for long were asked to gradually sit down to ground (or to a chair) and to gradually get up in slow motion. Patients were also asked to keep both hands wide apart so that their anterolateral aspect of thighs could be fully visualized. The sign was considered positive when a diamond-shaped bulge stood out at the anterolateral aspect of the middle of thighs that disappeared in normal standing or sitting position when the quadriceps muscle was not in action.
Patients with other muscular dystrophies and spinal muscular atrophies were also examined in this manner to look for the sign. These included 15 patients with Becker muscular dystrophy, 16 patients with facioscapulohumeral dystrophy, 14 with myotonic dystrophy, 15 with sarcoglycanopathy, 5 with congenital myopathy, and 11 with spinal muscular atrophy type III.
Magnetic resonance imaging MRI of the thighs was performed on two patients with MM and two with LGMD-2B who demonstrated the clinical sign. It was done on a 1.5-Tesla superconducting MRI machine (Lx Echo speed plus, GE Medical System, Milwaukee, USA) using body coil. T1-weighted coronal oblique imaging was done using spin echo sequence with the following parameters: TR = 500 msec, TE = 15 msec, Nex = 4, FOV = 340 mm. The slice thickness was 5 mm with no interslice gap and 36 × 512 matrix. The patient lay supine with knees slightly ß exed and feet resting on a footrest. Longitudinal sections were obtained in the plane at variable angles from the coronal plane depending upon the direction of the clinically visible bulge. After obtaining MR images in the resting state, patients were asked to press the footrest distally to obtain steady contraction of quadriceps muscle; MRI was obtained again in this state. Axial sections were also obtained both in relaxed and contracted state of quadriceps muscle in the region that showed muscle bulge in oblique coronal plane.
Results
'Diamond on quadriceps' sign was present in 21 out of 31 (68%) patients with dysferlinopathy that included 8 out of 13 (62%) with LGMD-2B and 13 of the 18 (71%) with MM. One patient with MM was unable to get up or stay standing with bent knees; he was asked to voluntarily contract his quadriceps muscle and this act was enough to elicit the sign. One patient with MM needed partial support to get up from sitting position and this provided enough contraction of quadriceps muscle to produce the expected sign. The 'diamond on quadriceps' sign was observable in a subtle manner in six LGMD-2B and Þ ve MM patients, while it was overtly present in two LGMD-2B see [ Figure 1 ] and eight MM patients. Out of the 10 patients with absent sign, two (one from each group) had advanced stage of the disease with generalized muscle wasting and two patients of LGMD-2B were in a very early stage of the disease with only slight difÞ culty in getting up for one and T1-weighted MRI of the quadriceps femoris muscle showed mild generalized wasting of thigh muscles that was apparently more in the posterior aspect. The quadriceps femoris muscle had uniform texture and smooth surface at rest [ Figure 2a ]. When made to contract, a portion of the muscle bulged out toward the anterolateral aspect [ Figure 2b ] near the middle of the thigh [ Figure 2c ].
Discussion
Enlargement of some muscles and wasting of some other individual or group of muscles is well known in muscular dystrophies. [1] [2] [3] What is less well known, however, is the fact that different parts of a particular single muscle may also show enlargement in one part and wasting in another part. [11] For example, in Duchenne muscular dystrophy it has been demonstrated that the muscle Þ bers of vastus lateralis part of the quadriceps muscle are often enlarged but that of vastus medialis part are wasted in their whole length. Sometimes a segment along the length of the muscle is enlarged and another segment is wasted. For example, enlarged Þ bers of deltoid and infraspinatus muscles in Duchenne muscular dystrophy show wasting in parts that traverse and contribute to the posterior axillary fold. [11] [12] [13] Similarly in facioscapulohumeral dystrophy deltoid muscle Þ bers are well preserved or enlarged in lower two-thirds of their length but are wasted in upper one-third. [14] The selective wasting, selective preserved bulk, and the selective enlargement of whole or part of the muscle that becomes more conspicuous when the muscles are in action, as happens when a patient adopts a particular posture, has been made the basis of several of the clinical signs described recently. [12] [13] [14] [15] [16] [17] In this context, the present study demonstrates that dysferlinopathies have a tendency for wasting of quadriceps femoris muscle, particularly its two components vastus lateralis and rectus femoris, in their upper and lower parts with some sparing or somewhat enlargement in the middle part. The demarcation between wasted and the spared segments of the muscle Þ bers is so sharp that whenever the muscle is in action its central part bulges out in the shape of a diamond. [18] MRI features have been described previously in MM. With regard to distal wasting it has been found that the imaging abnormalities may precede the clinical symptoms. [19, 20] All the four of our patients whose MRI was done, were in the symptomatic stage of the disease and it was not possible to observe whether MRI features precede the clinical observation. As the fibers in quadriceps femoris muscle are obliquely placed our MRI findings suggest that the dystrophic process in dysferlinopathies start at both the terminals of this muscle and that the fibers in the mid part remains intact till late during the process of degeneration. This observation however, requires confirmation from autopsy studies.
We observed multiple lumps upon contraction of quadriceps muscle in one patient with sarcoglycanopathy. Such 'lumps and bumps' have been described previously by Khadilkar et al., in patients with sarcoglycanopathies. [21] This implies that the presence of lumps over the quadriceps muscle will help in narrowing down the differential diagnosis of muscular dystrophy and in this context it needs further clariÞ cation whether the single rather than multiple lumps seen in our patients with dysferlinopathy has any speciÞ city or not. Further, it appears that dysferlinopathy has a tendency for lump formation in some other muscles as well. Biceps lump has been described previously by Fardeu and colleagues from Paris and by Khadilkar and Singh from India. [22] However, biceps lump has also been reported in an anecdotal case of facioscapulohumeral dystrophy. [23] These observations suggest that the lump formation in muscles could be highly suggestive of dysferlinopathy, but one must take into consideration the other muscular dystrophies where lumps have been described and take help of other clinical features to make a clinical diagnosis.
The 'diamond on quadriceps' sign appears to be a common sign in patients with dysferlinopathy, seen nearly in two-thirds of the patients with LGMD-2B as well as MM subtypes. However, its speciÞ city and sensitivity needs to be evaluated taking larger number of patients into consideration. As the diagnosis of dysferlinopathy nowadays is made by demonstrating absence of dysferlin in muscle membrane on immunohistochemical staining of muscle biopsy specimens or by genetic study, this sign would help in suspecting patients on clinical grounds so that they could be directed to appropriate tests, thus minimizing the time and cost of Þ nal diagnosis.
